standard IEEE 802.11 family for WLAN devices, WiMAX (Workdwide Interoperability for Microwave Access) and ISM band.
The UWB systems assume greater noise immunity, low-cost equipment, low-power operation, among other advantages. Due to these characteristics, this technology stands out among the wireless communications systems alternatives for short distances, especially on the fourth generation (4G) of mobile communications [7] . This paper presents a parametric study of the monopole antenna printed on microstrip which is bioinspired on the Inga marginata leaf for applications in UWB systems. The antenna studied was numerically analyzed through the commercial program Ansys Designer® and experimentally analyzed with the N5230A network analyzer from Agilent Technologies.
II. PRINTED MONOPOLE ANTENNA
The printed monopole antennas (PMA) have as main features the compact size and a wide bandwidth, with different applications. In Fig. 1 shows the geometry of a rectangular printed monopole antenna. The dimensions for an initial design can be approximated by fractions of the guided wavelength (λ g ) to the first resonance [8] , wherein W and L are respectively the width and length of the radiating patch, W PT is the width of the antenna, L PT is the length of the truncated ground plane, W LT is the width of the transmission line, g is the distance between the patch and the ground plane, h is the thickness of the dielectric. The technique presented in [9] is used for a better impedance matching. This technique proposes a rectangular opening (slit) in the ground plan with L S and W S dimensions. The lowest frequency of PMA can be approximated by (1) , where p is the perimeter of the radiating patch and is the effective relative permittivity of the dielectric [2] .
(1)
The distribution of the electric current density in this antenna is concentrated mainly on the edges of the radiating patch. Thus, by increasing the perimeter p, there is a consequent increase on the wavelength, which, as a result, decreases the lowest resonance frequency [10] .
III. UWB ANTENNA BIOINSPIRED ON THE INGA MARGINATA LEAF
The bioinspired motivation from which was developed the antenna design came from the observation of the arrangement of the leaves of a tropical plant, scientifically named Inga marginata
Willd [11] , see Fig. 2 . Taking the PMA dimensions shown in Fig. 1 as reference, the radiating element of the bioinspired antenna is designed in the proposed leaf-shape.
Using ANSYS Designer® [13], the proposed leaf-shaped PMA was designed and simulated.
Adjustments were made in the rectangular slit of the ground plane for obtaining the maximum impedance bandwidth, |S 11 | <-10 dB. Table 1 for a glass fiber substrate (FR-4) with relative electric permittivity ε r = 4.4, substrate height h = 1.5 mm, and loss tangent δ = 0.02. The 50 Ω microstrip feedline has a width of 2.87 mm. An image of built leaf-shaped PMA prototype is shown in Fig. 4 . have been simulated in the ranges: 0.5<W S <3.5 mm , with step 1 mm, and 2.0<L S <10.0 mm, with 2 mm step. The dimensions of R 1 , R 2 and R 3 were considered in the simulations as shown in Table I .
Results for L S = 6 mm and varying the dimension W S are shown in Fig. 5(a) . Considering |S 11 |<-10dB impedance bandwidth, a 911 GHz notch band is found to W S values of 2.5 and 3.5 mm. From this parametric study, it was found that 1.5 mm is a great value for W S , which results in better impedance matching. Figs. 7 and 8 show simulated and measured results for the reflection coefficient and VSWR, respectively. The bandwidth set for a return loss less than -10 dB presents a 2.74 GHz -13 GHz band Table 2 . A bandwidth greater than the bandwidth considered UWB, which is 7.5 GHz, can be observed. 
